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Recent work provides new insights into the regulation of fertility in animals, plants, and unicellular eukaryotes.
These findings suggest that fertility is controlled by the dynamic and complex interplay of numerous factors in-
cluding the regulation of RNA stability, protein translation, chromatin structure, and chromosomal organization.
Pulling Fertility Factors out of the MudPIT
In a recent study, Chu et al. (2006) sought factors that are important for male
fertility in the nematode Caenorhabditis elegans. They compared an exten-
sive set of proteins that copurify with chromatin from C. elegans sperm with
a similar set of proteins that copurify with chromatin from oocytes. To deter-
mine the identity of the copurifying proteins, the authors used a variation of
mass spectrometry called MudPIT (multidimensional protein identification
technology), which is well-suited for the large-scale analysis of proteins in
complexmixtures. This comparison yielded a list of 132 proteins that are en-
riched in preparations of sperm chromatin. Reducing the expression of each
of these genes encoding the 132 proteins by RNA interference showed that
38% of gene knockdowns resulted in decreased fertility in C. elegans. Fur-
thermore, of these 132 proteins, 29 have homologs that have been knocked
out in mice. When deleted, one third of these proteins cause a male sterility
phenotype in the respective mouse knockout. As further validation for their
approach, human homologs of two of the C. elegans proteins have reported
links to male infertility. These human homologs are topoisomerase I, which
could have a role in DNA condensation or during spermatogenesis, and
DBY, a VASA RNA helicase found in a region of the Y chromosome that is
frequently deleted in infertile men. Although the Chu et al. study primarily
characterized proteins related to spermatogenesis, the approach also
yielded a list of 444 proteins that are specifically enriched on oocyte chromatin. Undoubtedly, this study will also
serve as a starting point in the search for new factors that specifically affect fertility in females.
D.S. Chu et al. (2006) Nature. Published online August 30, 2006. 10/1038/nature05050.
MIWI Gets More Than a Piece of the Pi
MIWI is amousemember of the PIWI/Argonaute family of proteins. These proteins bind to a new class of small RNAs
called piRNAs (PIWI-interacting RNAs) that are approximately 30 nucleotides in length. Although the function ofMIWI
is unclear, mice lacking MIWI have defects in spermatogenesis. Building on earlier studies, Grivna et al. (2006) now
report that MIWI is intimately associated with the translation machinery. They find that MIWI associates with ribonu-
cleoprotein particles and with cytosolic ribosomes, including both monosomes and polysomes. Interestingly, most
MIWI molecules are not associated with the protein translation machinery of the endoplasmic reticulum. MIWI asso-
ciates with translationally inactive mRNA, and its association with ribosomes is dependent upon the presence of in-
tact mRNA. These facts could suggest that MIWI represses translation of proteins deleterious to spermatogenesis.
However, Grivna et al. show that the global levels of translation were not different in the testes of mice that lack MIWI
when compared towild-typemice. Alternatively, MIWI could selectively regulate the translation of specificmRNAs or
perhaps may not be directly involved in translation. The authors provide evidence that the ribonucleoprotein fraction
contains dissociated components of the chromatoid body, a perinuclear cloud-like structure in the male germline
related to P-bodies in somatic cells, which are involved in RNA processing. Consistent with recent reports that
MIWI and the RNA processing enzyme Dicer localize to the chromatoid body, the authors show by immunoprecip-
itation that MIWI interacts with Dicer. This finding suggests a potential link between MIWI and the generation of
microRNAs (miRNAs). Indeed, loss of MIWI leads to the downregulation of a subset of miRNAs in mouse testes.
Whether or not these miRNAs have a specific function in spermatogenesis remains to be determined. A further mys-
tery revolves around the role of piRNAs inMIWI function. Although this connection is far from clear, Grivna et al. show
compellingly that piRNAs associate with MIWI in each of its subcellular compartments, suggesting that piRNAs are
integral to MIWI function.
S.T. Grivna (2006) Proc. Natl. Acad. Sci. USA 103, 13415-13420. Published online August 24, 2006. 10.1073/
pnas.0605506103.
Malaria Parasites Get DOZI
Plasmodium, the protozoan parasite that causes malaria, has a complex life cycle. Plasmodium gametocytes (the
haploid precursors of the male and female gametes) form in the blood cells of human hosts and only give rise to ga-
metes following ingestion by a femalemosquito. Fertilization then takes place in themosquito gut. Previouswork has
reported that twomRNAs, p25 and p28, are abundant in female gametocytes of infected host blood cells but are not
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translated until the initiation of gamete development within the mosquito vector. Mair et al. (2006) now report that an
RNA helicase DOZI (development of zygote inhibited) is required for the stable assembly of mRNAs into translation-
ally repressed complexes in female gametocytes of P. berghei, a rodent malaria. Interestingly, DOZI is a member of
the DDX6 family of RNA helicases that have been implicated in both the storage of translationally silent mRNAs and in
the transport of such mRNAs to P-bodies, which are conditional sites of translational repression and mRNA degra-
dation. Imaging and immunoprecipitation reveals that DOZI is part of the ribonucleoprotein particles that contain p25
and p28 mRNAs. Moreover, microarray analysis shows that loss of DOZI disrupts the stability of hundreds of Plas-
modium mRNAs. Loss of DOZI leads to specific defects in Plasmodium zygote development following fertilization,
although the development prior to fertilization is normal. These finding indicate the subpopulation of mRNAs assem-
bled into DOZI-associated complexes in the gametocyte are only required for the development of the Plasmodium.
Identifying the RNA targets of DOZI and the factors that regulate DOZI and its associated proteinsmemberswill shed
further light on what determines whether an mRNA is degraded, translationally silenced or translated into protein.
G.R. Mair et al. (2006). Science 313, 667–669.
Taking the FIS out of Fertilization
Flowering plants, such as Arabidopsis thaliana, undergo a double fertiliza-
tion event in which one sperm fertilizes the egg and a second sperm fertilizes
a diploid central cell to form a triploid endosperm. The endosperm then pro-
liferates to form a tissue in the seed that supplies nutrients to the developing
embryo. Prior to fertilization, Polycomb-group (PcG) proteins repress the ex-
pression of genes that stimulate proliferation of the central cell. As a conse-
quence, mutations in certain PcG genes, such as FIS2 (Fertilization-inde-
pendent Seed 2), promote the development of seed-like structures in the
absence of fertilization. Wang et al. (2006) now identify two PcG proteins,
MEDEA (MEA) and SWINGER (SWN), as interacting partners of FIS2. The
authors show that MEA and SWN have partially redundant functions in sup-
pressing the initiation of seed development before fertilization. Although au-
tonomous seed development in the absence of fertilization is observed in
plants with one mutant allele of MEA, the complete loss of SWN had no ef-
fect. However, loss of SWN does enhance the phenotype of a mea mutant,
suggesting that the two cooperate to suppress seed development. Intrigu-
ingly, FIS2 is homologous to mammalian SUZ12, whereas MEA and SWN are SET domain-containing proteins
homologous tomammalian EZH2. This homology suggests that FIS2, MEA, and SWNmay function as part of a com-
plex similar to the Polycomb repressive complex 2/3 (containing SUZ12 and EZH2) that silences genes through
histone H3 methylation. Future studies will establish the genes targeted for epigenetic silencing in the central cell
by the complexes that contain FIS2, MEA, and SWN.
D. Wang et al. (2006). Proc. Natl. Acad. Sci. USA 103, 13244–13249. Published online August 21, 2006. 10.1073/
pnas.060555110.
It’s Chromosomal Location, Location, Location
According to recent work, the differential chromosomal location of a single gene may be sufficient to prevent breed-
ing between otherwise closely related species. Masly et al. (2006) reveal the basis for the male sterility that is ob-
served in certain hybrids between the fruit fly Drosophila melanogaster and the closely related species D. simulans.
Previous work has shown that hybrid males were sterile when they carried two copies of theD. simulans fourth chro-
mosome in an otherwise D. melanogaster genetic background. Masly et al. demonstrate that the cause of this ste-
rility is absence of a single gene, JYAlpha, from the fourth chromosome of D. simulans. JYAlpha encodes the a sub-
unit of an Na+/K+ ATPase, and a rat homolog of JYAlpha is known to be required for sperm motility. The new work
clearly shows that JYAlpha has the same function in flies.What then has happened to JYAlpha inD. simulans?During
the evolution of the lineage that containsD. simulans, JYAlphawas transposed to the third chromosome. Because of
this transposition, some of the simulans-melanogaster hybrids that have two copies of the D. simulans fourth chro-
mosomes lack JYAlpha entirely and are sterile as a consequence. Although it is not possible to determine with cer-
tainty whether this transposition was an important factor in creating the split between the lineages that contain
D. melanogaster and D. simulans, this work provides a compelling example of the types of genetic changes that
could occur in the process of speciation.
J.P. Masly et al. (2006) Science 313, 1448–1450.
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